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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to prepackaging the con- 5 
stituents for poly(alkyl methacrylate) bone cement in the 
form of two liquid components in separate compart- 
ments of a container so that the two liquid components 
can be ejected from the two compartments, admixed 
and applied to the site without the introduction of air into w 
the mixture. A mixer dispenser can be used in combina- 
tion with the container. 

BACKGROUND OF THE INVENTION 

15 

[0002] Poly(methyl methacrylate) bone cement, 
which has been used routinely for the fixation of metallic 
or plastic implants in joint replacement surgery for about 
thirty years, is based on a monomer which can be ad- 
mixed with a curing system and applied to the bone un- 20 
der conditions which permit the monomer to polymerize 
in situ in the bone. However, as the polymerization of 
methyl methacrylate is an exothermic reaction, resulting 
in the evolution of heat, it is desirable that the amount 
of monomer in the unset bone cement be minimized in 25 
order to avoid any damage to the bone tissue. One tech- 
nique for minimizing the monomer concentration in the 
unset bone cement, while still achieving the benefits of 
the characteristics of the resulting poly(methyl methacr- 
ylate), is to include a substantial amount of small parti- 30 
cles of the polymer in the unset bone cement composi- 
tion, e.g., about 2 grams of polymer powder per milliliter 
of monomer. The size of the polymer powder particles 
is generally in the range of about 30 to about 150 ^tm in 
diameter. As the polymerization of methyl methacrylate 35 
is accompanied by a substantial decrease in volume, 
the reduction in the amount of the monomer required in 
the bone cement by the inclusion of a large amount of 
poly(methyl methacrylate) powder also minimizes the 
shrinkage experienced during the setting of the bone ce- 40 
ment. Thus, methyl methacrylate bone cement is most 
commonly available in two standard packages, one con- 
taining 40 mg. of poly(methyl methacrylate) powder and 
the other containing 20 ml of liquid methyl methacrylate 
monomer. 45 
[0003] In order to effect the polymerization of the mon- 
omer, the bone cement composition also contains an in- 
itiator and an activator. Thus, poly (methyl methacrylate) 
bone cement has generally been formed by operating 
room personnel admixing a powdery component, con- 50 
taining the polymer powder and an initiator, and a liquid 
component, containing the liquid monomer and an acti- 
vator, to obtain the unset cement, which must then be 
quickly applied to the bone, as the cement composition 
sets within a few minutes. For example, poly(methyl 55 
methacrylate) bone cement can be prepared by mixing 
together the following ingredients: liquid methyl meth- 
acrylate, powder particles of poly(methyl methacrylate), 
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benzoyl peroxide powder as the polymerization initiator, 
and N,N-dimethyl-p-toluidine (DMPT) as an activator. 
Occasionally, a poly(methyl acrylate) or a polystyrene 
copolymer has also been included in the polymeric com- 
ponents for forming the bone cement. 
[0004] As early as 1975 the importance of reducing 
the porosity of the set bone cement in order to improve 
the mechanical properties of the set bone cement was 
recognized. This porosity is a source of mechanical 
weakness of the cement material and can cause early 
failure of fixation of the implant. The porosity of set bone 
cement can be measured either as a volume percentage 
or as a percentage of cross-sectional area occupied by 
voids. Regardless of the method of measurement, the 
generally reported values for set bone cement, resulting 
from hand-mixed bone cement of regular viscosity, are 
in the range of about 5 to about 16 percent. 
[0005] The porosity of set bone cement can be the re- 
sult of the entrapment of air during the mixing and trans- 
ferring process, the presence of air spaces between pol- 
ymer particles at the time of the addition of the other 
components to the polymer particles, the generation of 
voids in the unset bone cement as a result of evapora- 
tion or boiling of the monomer during the mixing process 
or during the setting of the bone cement, the thermal 
expansion of existing bubbles, and the presence of cav- 
itation voids. Of these causes, the most common source 
of porosity, as well as the most easily controlled, is air 
entrapment during the mixing and transferring process. 
[0006] It is well known that vigorous hand mixing of 
bone cement components, under atmospheric condi- 
tions, increases the amount of air in the resulting bone 
cement mixture. Because of the viscous nature of the 
resulting bone cement mixture, only large bubbles, e.g., 
having a diameter greater than 1 cm, can easily migrate 
to the surface of the unset bone cement mixture, leaving 
a substantial number of voids in the bone cement mix- 
ture with a diameter of less than 1 cm. 
[0007] When the powdery component and the liquid 
monomeric component are mixed, a doughy mixture is 
formed, and the initiator and activator in the mixture start 
polymerization of the liquid monomeric component. 
When mechanical agitation is employed during the mix- 
ing of the liquid and powder components, air can be 
trapped within the resulting doughy mixture. The en- 
trapped air causes porosity in the resulting solidified ce- 
ment mixture. 

[0008] While porosity generally occurs throughout the 
body of polymerized bone cement as a result of the 
above listed causes, there are also regional variations, 
particularly in the cement mantle surrounding a femoral 
hip stem. Greater porosity is noted in the proximal ce- 
ment mantle. In addition, the porosity is preferentially 
concentrated at the cement-prosthesis interface of a ce- 
mented femoral stem in a total hip replacement due to 
the Theological behavior of the bone cement during the 
implant insertion. The concentration of the porosity at 
the interface greatly exceeds the average porosity of the 
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bulk cement. This interfacial concentration of porosity 
cannot be reduced by the prior centrifugation of the bone 
cement. 

[0009] Considerable effort has been directed to re- 
ducing the amount of porosity in set bone cement, with 5 
centrifugation, vacuum mixing, and ultrasonic agitation 
of the unset bone cement mixture being the most fre- 
quently employed techniques. Currently, centrifugation 
and vacuum mixing are being used clinically. As an ex- 
ample, the prepackaging of the powdery component of 
the bone cement under high vacuum in a mixing vessel, 
which permits the addition of the liquid monomer com- 
ponent to the powder without the introduction of air into 
the vessel, thereby minimizing the presence of air bub- 
bles in the resulting cement, is described in Chan, U.S. 
Patent 4,973,168, and Chan, U.S. Patent 5,100,241. 
However, the use by operating room personnel of either 
high vacuum mixing or centrifugation in the operating 
room can significantly complicate the procedure. 
[001 0] Storing liquid bone cement monomer in a non- 
glass container presents a major engineering and man- 
ufacturing challenge. The problem is even greater 
where the container has a sliding piston, as it is extreme- 
ly difficult to achieve a hermetic seal with a sliding piston 
in the presence of liquid bone cement monomer. 
[0011] Accordingly, it is desirable that a technique be 
found to provide a poly(alkyl methacrylate) bone cement 
kit which can be readily utilized in the operating room to 
prepare the poly(alkyl methacrylate) bone cement com- 
position from only two prepackaged components with- 
out requiring either high vacuum mixing or centrifuga- 
tion. 

SUMMARY OF THE INVENTION 

[0012] In accordance with the present invention, the 
poly(alkyl methacrylate) bone cement ingredients are 
prepackaged as two separate components where both 
components are in a liquid form that is at least substan- 
tially air-free. The first liquid component is formed by 
premixing a bone cement liquid monomer with bone ce- 
ment polymer powder and a polymerization initiator to 
form a liquid mixture. A stabilizer is included in the first 
liquid component to prevent spontaneous polymeriza- 
tion of the monomer contained in the first liquid compo- 
nent. The second liquid component is formed by premix- 
ing bone cement liquid monomer with bone cement pol- 
ymer powder, if any, and an activator to form a liquid 
mixture. A stabilizer is also included in the second liquid 
component to prevent spontaneous polymerization of 
the monomer contained in the second liquid component. 
The monomer/polymer ratio of each liquid component 
containing polymer will be in the range from the mini- 
mum required to provide the respective component as 
a liquid mixture up to the maximum which, when the two 
liquid components are mixed, will result in the desired 
monomer/polymer ratio for the mixture. 
[0013] In use, the two liquid bone cement components 



are prepackaged in two separate chambers of a con- 
tainer. The container can be used with a mixer that can 
properly mix the two liquid components without mechan- 
ical agitation and without the introduction of air into the 
two liquid components during the transfer of the two liq- 
uid components from their separate chambers to the 
mixer and during mixing. In a presently preferred em- 
bodiment, a static mixer can be incorporated within a 
disposable dispensing nozzle which is included in a kit 
along with a disposable container having two separate 
chambers, each being filled with a respective one of the 
liquid bone cement components. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0014] 

FIG. 1 is a cross-sectional view along the longitudi- 
nal axis of a side-by-side dual cylinder package of 
20 bone cement components in accordance with a first 
embodiment of the present invention, having a pro- 
tector cap in place; 

FIG. 2 is a view of the outlet end of the package of 
25 FIG. 1, with the protector cap being omitted; 

FIG. 3 is a view of the piston end of the package of 
FIG. 1; 

30 FIG. 4 is a cross-sectional view along the longitudi- 
nal axis of the package of FIG. 1 with the protector 
cap being replaced by a static mixer; 

FIG. 5 is a view of the inlet end of the static mixer 
35 of FIG. 4; 

FIG. 6 is a cross-sectional view along the longitudi- 
nal axis of a concentric cylinders package of bone 
cement components in accordance with a third em- 
40 bodiment of the present invention, having a static 
mixer in place; 

FIG. 7 is a view of the outlet end of the package of 
FIG. 8 with the static mixer being omitted; 

45 

FIG. 8 is a cross-sectional view along the longitudi- 
nal axis of a "holding" cartridge, having a protector 
cap in the opening in the outlet end and containing 
a piston with a static mixer in communication with 
so the chamber between the piston and the outlet end; 

FIG. 9 is a cross-sectional view along the longitudi- 
nal axis of the "holding" cartridge of FIG. 8 with the 
container of FIG. 4 inserted into the open end of the 
55 "holding" cartridge and connected to the static mix- 
er, for transferring the contents of the container into 
the chamber of the "holding" cartridge; and 
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FIG. 10 is a cross-sectional view along the longitu- 
dinal axis of the filled "holding cartridge", with the 
outlet protector cap having been replaced by a stat- 
ic mixer, and the initial static mixer having been re- 
placed by a protector cap. 

DETAILED DESCRIPTION 

[0015] The term "liquid", as used herein, indicates a 
material having a definite volume but without a definite 
shape except such as is temporarily given by a container 
and which is readily lost by the material flowing under 
the application of moderate stress. Thus, while the term 
"liquid" includes a range of materials from those which 
flow freely like water to those which can be character- 
ized as paste-like or doughy, all of such materials can 
be readily extruded from a container. 
[0016] In accordance with the present invention, the 
bone cement ingredients are prepared in the form of two 
separate components, with each component being in a 
liquid form and air-free, and with each liquid component 
comprising a bone cement liquid monomer and at least 
one of the liquid components containing dispersed 
therein a bone cement polymer which was in powder 
form prior to the inclusion in the respective liquid com- 
ponent. Each liquid component is packaged in a sepa- 
rate chamber of a dual compartment container so as to 
be air-free. A static mixer can be attached to the con- 
tainer so as to receive the two components as they are 
extruded from their respective chambers. The static 
mixer mixes the two liquid components as they pass 
through the static mixer without requiring mechanical 
agitation and without the introduction of air into the liquid 
mixture. 

[0017] In most instances, the bone cement polymer 
powder will be dissolved in the bone cement liquid mon- 
omer. However, due to either the type or the amount of 
the bone cement polymer, it is possible for at least some 
of the bone cement polymer powder to be dispersed in 
the liquid monomer without dissolving in the liquid mon- 
omer. 

[0018] A suitable dual compartment container 10, 
which is illustrated in Figure 1 , has a piston end wall 11 
and an outlet end wall 12. The container 10 has two cy- 
lindrical compartments 13 and 14, each of which ex- 
tends from the inner surface of the outlet end wall 12 to 
a respective opening in the piston end wall 11 , such that 
the longitudinal axes of the compartments 13 and 14 are 
parallel to each other and to the longitudinal axis of con- 
tainer 10. The outlet end wall 12 has a centrally located 
annular wall 1 5 extending outwardly therefrom in a di- 
rection parallel to the longitudinal axes of compartments 
1 3 and 1 4 to form an outlet compartment 1 6. A common 
wall 17 separates compartments 13 and 14 from each 
other, and a portion 18 of the common wall 17 extends 
into and through outlet compartment 16 so that the out- 
ermost end surface of the portion 1 8 is coplanar with the 
outermost end surface of the annular wall 15. The por- 



tion 18 of the common wall 17 divides the outlet com- 
partment 16 into a first outlet passageway 21 which is 
in fluid communication with compartment 1 3, and a sec- 
ond outlet passageway 22 which is in fluid communica- 

5 tion with compartment 14. 

[0019] In a presently preferred version of this contain- 
er 10, the outlet ends of outlet compartments 21 and 22 
are sealed by a thin, air impermeable layer 23. The layer 
23 is bonded to the outermost end surface of portion 18 

10 of the common wall 1 7 and to the circumferential periph- 
ery of the annular wall 15 to form an air tight seal for 
each of the outlet ends of outlet passageways 21 and 
22. The sealing layer 23 can be formed of any suitable 
material and be bonded by any suitable means, e.g., a 

15 thin metal foil having an adhesive coating thereon. How- 
ever, a thermoplastic material, e.g., polyethylene, poly- 
propylene, poly(4-methyl-1-pentene), a copolymer of 
ethylene and another 1 -olefin, etc., is advantageous for 
forming the sealing layer 23 because of the ease of 

20 achieving a thermal bond or an ultrasonic bond between 
the sealing layer 23 and the surfaces of the annular wall 
15 and the end portion 18 of the common wall 17. 
[0020] Due to the desired thinness of sealing layer 23, 
it is desirable to apply a protector cap 24 over the sealing 

25 layer 23 to protect the sealing layer 23 against unintend- 
ed rupture thereof. The protector cap 24 can be provided 
with an annular skirt 25 and discontinuous arcuate seg- 
ment flanges 26 and 27 located on opposite sides of the 
distal end of skirt 25. The skirt 25 has a frustoconical 

30 inner surface which corresponds to the frustoconical 
outer surface of the annular wall 15 so that these two 
surfaces mate when the protector cap 24 is in place on 
the annular wall 15. 

[0021] Referring to FIGS. 1 and 2, the outlet end wall 

35 1 2 of container 1 0 can be provided with an outer planar 
surface 28, which is generally perpendicular to the lon- 
gitudinal axis of container 10, and with two radially in- 
wardly directed flanges 31 and 32 which overlie portions 
of planar surface 28 on opposite sides of the periphery 

40 of the annular wall 1 5 so as to form two radially inwardly 
opening slots 33 and 34. The maximum diameter of the 
cap skirt 25, excluding the arcuate flanges 26 and 27, 
is less than the diameter of the opening between the 
inner edges of end flanges 31 and 32, while the maxi- 

45 mum diameter of the cap flanges 26 and 27 is greater 
than the opening between the inner edges of end flang- 
es 31 and 32 but less than the diameter represented by 
the radially outer ends of the slots 33 and 34. The thick- 
ness of each of the cap flanges 26 and 27 is only slightly 

50 less than the dimension of the slots 33 and 34 which is 
parallel to the longitudinal axis of the container 10. Out- 
wardly extending ridges 35 and 36 can be provided on 
planar surface 28 so as to extend at least generally per- 
pendicular to a line extending from slot 33 to slot 34 so 

55 that the protector cap 24 can be initially placed coaxially 
on the annular wall 15 and in contact with the ridges 35 
and 36, with a line extending from the arcuate flange 26 
to the arcuate flange 27 being substantially perpendic- 
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ular to the line extending from slot 33 to slot 34, and then 
the protector cap 24 can be rotated approximately 90° 
so that each of the arcuate flanges 26 and 27 enters a 
respective one of the slots 33 and 34 to enable the in- 
wardly directed flanges 31 and 32 to hold the protector 5 
cap 24 against the ridges 35 and 36, thereby locking the 
protector cap 24 in place. 

[0022] Referring to FIGS. 1 and 3, the piston end wall 
11 of the container 10 has two circular openings 41 and 

42 formed therein, representing the open ends of com- io 
partments 13 and 14. A circular piston 43 is positioned 

in compartment 1 3 coaxially therewith. An annular outer 
wall of the piston 43 is provided with an annular groove 
44 containing an O-ring 45 such that the O-ring 45 is in 
radial compression between the piston 43 and the an- *5 
nular inner wall of compartment 1 3. Thus, piston 43, O- 
ring 45, and the compartment 13 define a first chamber 
46 extending from the piston 43 to the inner surface of 
the outlet end wall 12. A similar circular piston 47 is po- 
sitioned coaxially in compartment 14, with an O-ring 48 20 
being positioned in an annular groove 49 in the annular 
outer wall of the piston 47 so as to be in radial compres- 
sion between the piston 47 and the annular inner wall 
of compartment 14. Thus, piston 47, O-ring 48, and the 
compartment 14 define a second chamber 50 extending 25 
from the piston 47 to the inner surface of the outlet end 
wall 12. In the illustrated embodiment, the chambers 46 
and 50 have the same diameter and the same volume. 
However, if desired, the two chambers can be provided 
with different diameters and different volumes. Suitable 30 
containers include the Cartridge System 50 and Car- 
tridge System 400 dual chamber containers, available 
from ConProTec Inc., 6 Raymond Avenue, Salem, New 
Hampshire, in 1:1, 2:1, 4:1, and 10:1 volume ratios for 
the two chambers. 35 
[0023] Liquid bone cement monomer can be success- 
fully stored in polyethylene cartridges or flexible poly- 
ethylene bags. However, the presence of sliding pistons 

43 and 47 represents a potential problem as it is ex- 
tremely difficult to achieve a hermetic seal with a sliding 40 
piston in the presence of liquid bone cement monomer. 

In the illustrated version of the container 10, the piston 
ends of chambers 46 and 50 are sealed by thin, air im- 
permeable layers 51 and 52, respectively. The periph- 
eral edge of sealing layer 51 is bonded either to the inner 45 
surface of the compartment 13 or to the outer surface 
of the piston end wall 11 of the container 10 to form an 
air tight seal with the piston 43 being separated from the 
contents of chamber 46 by the sealing layer 51 . Similar- 
ly, the peripheral edge of the sealing layer 52 is bonded 50 
either to the inner surface of the compartment 14 or to 
the outer surface of the piston end wall 11 of the con- 
tainer 1 0 to form an air tight seal with the piston 47 being 
separated from the contents of chamber 50 by the seal- 
ing layer 52. Sealing layers 51 and 52 can be formed of 55 
the same material as sealing layer 23 at the outlet end 
wall 12 of the container 10. The sealing layers 23, 51, 
and 52 assist in maintaining sterile conditions for the 



contents of chambers 46 and 50 prior to use of the bone 
cement components, and an examination of these seal- 
ing layers prior to the dispensing of the contents of the 
chambers 46 and 50 can serve to indicate whether any 
unintended rupturing of these sealing layers has oc- 
curred, thereby placing the sterile conditions in ques- 
tion. 

[0024] Thus, sealing layers 23, 51 and 52 provide a 
hermetic seal for the liquid bone cement monomer from 
the time of the preparation of the filled container until 
the time of preparation of the bone cement. In one meth- 
od of fabricating the filled container 10, a thin polyethyl- 
ene membrane 23 is lightly welded to the exterior sur- 
face of the outlet wall 15 of the container 10 so as to 
allow easy rupture when sufficient pressure is generat- 
ed in the liquid component chambers 46 and 50 by the 
advancing pistons. After the introduction of the liquid 
components into the chambers 46 and 50, the chambers 

46 and 50 can be sealed at the piston end by thin poly- 
ethylene membranes 51 and 52 which are ultrasonically 
welded to the surfaces of the container 10. Each of the 
pistons 43 and 47 is then inserted at the piston end of 
the container 10 over the polyethylene membrane 51 or 
52. The force of the dispenser plunger on the container 
piston should be large enough to rupture the thin poly- 
ethylene membrane 51 or 52, allowing the piston 43 or 

47 to slide forward. 

[0025] Referring now to FIGS. 4 and 5, the protector 
cap 24 has been removed from the container 10 and 
replaced by a mixer-dispenser 61 . The mixer-dispenser 

61 has a housing 62 and a static mixer 63. The housing 

62 comprises an annular intermediate section 64, an in- 
let end section 65, and a nozzle section 66, each being 
of generally circular cross-section perpendicular to the 
longitudinal axis of housing 62. The inlet end section 65 
has an internal annular surface corresponding to the 
outer annular surface of wall 15 of the container 10 so 
that these surfaces mate when the mixer-dispenser 61 
is mounted on the container 10. The inlet end section 
65 has discontinuous arcuate segmental flanges 67 and 
68 on opposite sides of the distal end of the inlet end 
section 65 as illustrated in FIG. 5. Thus, the arcuate 
flanges 67 and 68 are of the same shape and size as 
the arcuate flanges 26 and 27 on the protector cap 24, 
and function in the same manner to engage flanges 31 
and 32 to secure the mixer-dispenser 61 to the container 
10. As shown in FIG. 4, although the protector cap 24 
has been removed and the mixer-dispenser 61 has 
been mounted on the container 10, the sealing layer 23 
is still in place. 

[0026] The static mixer 63 comprises a plurality of 
static mixing vanes 71-75 consecutively positioned 
along the longitudinal axis of the housing 62, with alter- 
nating right hand and left hand twists. Each static mixing 
vane 71-75 is in the form of a ribbon which is rotated in 
one direction about its longitudinal centerline so as to 
form two flow paths of at least substantially equal cross- 
section on opposite sides of the ribbon. While five static 
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mixing vanes have been illustrated, any suitable number 
can be employed which is effective to achieve the de- 
sired degree of mixing of the two liquid components. 
Each end of a static mixing vane, other than the outer 
end of each of the two end static mixing vanes, is posi- 
tioned approximately 90° to the adjacent end of a neigh- 
boring static mixing vane. The upstream end of the first 
static mixing vane 71 is positioned approximately 90° to 
the wall portion 18. For simplicity in the assembling of 
the static mixing vanes 71-75 in the mixer-dispenser 61 , 
the static mixing vanes 71-75 are preferably formed as 
a single molding which can be inserted into the interme- 
diate section 64 via the inlet end section 65. However, 
it is also possible to form the static mixing vanes as two 
or more sections which can be sequentially inserted into 
the intermediate section 64. Although the mixer-dis- 
penser 61 normally contains air at atmospheric pressure 
at the time the mixer-dispenser 61 is connected to the 
outlet of the container 10, the small internal diameter of 
the intermediate section 62 results in only a small area 
of contact of the liquid components and the air as the 
advancing liquid mixture moves the air out of the mixer- 
dispenser. Thus, the liquid mixture exiting the nozzle 66 
is at least substantially free of air, and the presence of 
air bubbles in the resulting set bone cement is minimized 
or eliminated. 

[0027] The nozzle end section 66 can be in the form 
of a frustoconically shaped annular member or in the 
form, illustrated in FIG. 4, of a series of annular sections 
of circular cross-section with diameters thereof decreas- 
ing toward the tip of the nozzle end section 66. In either 
case, the tip of the nozzle end section can be severed 
to provide an outlet opening of the desired cross-sec- 
tion. Suitable static mixer-dispensers are the 
STATOMIX® MA static mixers available from ConPro- 
Tec Inc., 6 Raymond Avenue, Salem, New Hampshire. 
[0028] At the time of the preparation of the bone ce- 
ment, the protector cap 24 is removed from the dual 
chamber container 10, the mixer-dispenser 61 is then 
attached to the outlet of the dual chamber container 10, 
the tip of the nozzle end section 66 is severed, either 
before or after the mixer-dispenser 61 is attached to the 
dual chamber container 10, and the dual chamber con- 
tainer 10 is inserted into a dispensing device having two 
plungers for engaging the pistons 43 and 47. The dis- 
pensing device can have any suitable mechanism, e.g., 
manual or pneumatic, for simultaneously driving the pis- 
tons forwardly at the same rate of movement. Suitable 
dispensing devices are the MIXPAC® DP-400-85 pneu- 
matic dispensers and the MIXPAC® DM-400 manual 
dispensers, available from ConProTec Inc., 6 Raymond 
Avenue, Salem, New Hampshire. The plungers contact 
the back side of the pistons 43 and 47 and upon actua- 
tion of the dispensing device, simultaneously move the 
pistons 43 and 47 forwardly at the same rate, rupturing 
the sealing layers 23, 51 , and 52, reducing the volumes 
of the chambers 46 and 50, and thereby extruding the 
two liquid components in the chambers 46 and 50 



through the respective outlet passageways 21, 22 and 
into the inlet end of the static mixer 63. At the upstream 
end of the static mixing vane 71 , each liquid component 
is divided into two approximately equal streams, with 

5 each of the two streams of one component entering a 
respective one of the two flow paths through the first 
static mixing vane 71 , along with one of the two streams 
of the other liquid component. At each junction of two 
static mixing vanes in the static mixer 63, each liquid 

10 flow from the upstream static mixing vane is split into 
two parts with each of these two parts entering a differ- 
ent one of the two flow paths in the downstream static 
mixing vane along with one of the two parts of the other 
liquid flow from the upstream static mixing vane. Thus, 

*5 the two liquid components from chambers 46 and 50 are 
mixed together by the static mixer 63 without mechani- 
cal agitation and without introducing air into the liquid 
mixture. 

[0029] A kit for the first embodiment comprises the 

20 mixer-dispenser 61 and the container 10, with the cham- 
ber 46 filled with a first liquid bone cement component, 
the chamber 50 filled with a second liquid bone cement 
component, and the protector cap 24 and the pistons 43 
and 47 in place. Each of the structural components of 

25 the dual chamber container 10, other than the 0-rings 
45 and 48, and each of the structural components of the 
mixer-dispenser 61 are advantageously formed of a 
thermoplastic material such as polyethylene, polypro- 
pylene, poly(4-methyl-1-pentene), a copolymer of eth- 

30 ylene and another 1 -olefin, nylon, polyacetal, etc., so 
that after the bone cement components are mixed and 
dispensed, the container 1 0 and the mixer-dispenser 61 
can be thrown away. The dispensing device can also be 
disposable, but is preferably formed of materials which 

35 can be sterilized and reused in an operating room envi- 
ronment. 

[0030] If desired, a single thin, air impermeable layer 
can be bonded to the exterior surface of piston end wall 
11 of the dual chamber container 10 to provide a seal, 

40 instead of the two sealing layers 51 and 52 illustrated in 
FIG. 1. Such a single layer would protect against the 
possibility of any contaminants entering the small gap 
between the periphery of the pistons 43 and 47 and the 
adjacent compartment sidewall, as well as readily per- 

45 mitting a visual inspection for any rupture in the single 
layer. 

[0031] While the sealing layers 23, 51, and 52 have 
been illustrated as single layers, it is possible to fabri- 
cate one of more of these seals in the form of two op- 

50 posing films, with each film having a first portion bonded 
to the container structure and a second, flap portion 
lightly bonded to the second, flap portion of the opposing 
film, such that upon pressurization of the respective 
seal, the two flap portions are separated from each oth- 

55 er. 

[0032] A second embodiment of a suitable dual com- 
partment container 80 is illustrated in FIGS. 6 and 7 with 
a mixer-dispenser 81 in place. The components of the 
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mixer-dispenser 81 which are the same as in the mixer- 
dispenser 61 of FIG. 1 are given the same reference 
numerals and the detailed description thereof will be 
omitted. The container 80 has a cylindrical first compart- 
ment 82 within the annular member 83 and an annular 
second compartment 84 between the annular member 
83 and the annular housing 85, which is positioned co- 
axially with and exteriorly of the annular member 83. A 
cylindrical first piston 86 is positioned within compart- 
ment 82 to form a first chamber 87 between the piston 
86 and the outlet end of the container 80, while an an- 
nular second piston 88 is positioned in compartment 84 
to form a second chamber 89 between the piston 88 and 
the outlet end of the container 80. A single thin, air im- 
permeable layer 90 is bonded to the exterior surface of 
the piston end wall 91 of the container 80 and the exte- 
rior end of the annular member 82 so as to provide a 
seal for both compartments 82 and 84. In the illustrated 
embodiment, the chambers 87 and 89 have different 
cross-sectional areas and different volumes. However, 
if desired, the two chambers can be provided with equal 
cross-sectional areas and equal volumes. 
[0033] The piston end of the annular member 83 is 
supported coaxially in the housing 85 by the piston 88. 
The outlet end portion of the annular member 83 is sup- 
ported coaxially in the housing 85 by three fixed struts 
92, which are spaced apart at approximately 120° inter- 
vals in a plane perpendicular to the longitudinal axis of 
the housing 85 and which extend between the annular 
member 83 and the housing 85. The outlet end of each 
of the inner chamber 87 and the outer chamber 89 is 
sealed by a single thin, air impermeable layer 93 bonded 
to the outlet end of the housing 85 and the annular mem- 
ber 83. The outlet end portion 94 of the housing 85 is 
provided with external threads, while the inlet end por- 
tion 95 of mixer-dispenser 81 is provided with matching 
internal threads so that the inlet end portion 95 of mixer- 
dispenser 81 serves as a protector cap for the sealing 
layer 93. If desired, a separate protector cap can be pro- 
vided to protect the outlet end of the container 80 until 
time to prepare the bone cement, at which time the sep- 
arate cap would be removed and replaced by the mixer- 
dispenser 81. If desired, a screen 96 can be placed at 
each junction of two adjacent static mixing vanes in or- 
der to enhance the mixing of the two liquid flows entering 
the respective junction. The containers are connected 
to a common nozzle. The two pistons are advanced si- 
multaneously, forcing the right proportion of each liquid 
component into the common mixer-dispenser 81. The 
spiral fins within the proximal part of the mixer-dispenser 
81 mix the liquid components by laminar shear, while 
the screens 96 break up the laminar flow and mix the 
liquid components further by turbulence. 
[0034] A kit for the second embodiment comprises the 
mixer-dispenser 81 and the container 80, with the cham- 
ber 89 filled with a first liquid bone cement component, 
the chamber 87 filled with a second liquid bone cement 
component, and the pistons 86 and 88 and the sealing 



layers 90 and 93 in place. If desired, the container 80 
can be provided with a protective cap over the outlet 
end, with the mixer-dispenser 81 being a separate item 
in the kit. Each of the structural components of the dual 

5 chamber container 80 and each of the structural com- 
ponents of the mixer-dispenser 81 are advantageously 
formed of a thermoplastic material such as polyethyl- 
ene, polypropylene, poly(4-methyl-1-pentene), a copol- 
ymer of ethylene and another 1 -olefin, etc., so that after 

10 the bone cement components are mixed and dispensed, 
the container 80 and the mixer-dispenser 81 can be 
thrown away. As with the first embodiment, the dispens- 
ing device can also be disposable, but is preferably 
formed of materials which can be sterilized and reused 

15 in an operating room environment. 

[0035] At the time of the preparation of the bone ce- 
ment, the tip of the nozzle end section 66 is severed, 
and the concentric chambered container 80 is inserted 
into a dispensing device having two concentric plungers 

20 for engaging the pistons 86 and 88, thereby rupturing 
the sealing layer 90. The dispensing device can have a 
manual mechanism or a pneumatic mechanism for si- 
multaneously driving the pistons forwardly at the same 
rate of movement. The plungers contact the back side 

25 of the pistons 86 and 88 and upon actuation of the dis- 
pensing device, simultaneously move the pistons 86 
and 88 forwardly at the same rate, rupturing the sealing 
layer 93, reducing the volumes of the chambers 87 and 
89, and thereby extruding the two liquid components in 

30 the chambers 87 and 89 into the inlet end of the static 
mixer 81 . The upstream end of static mixing vane 71 is 
positioned adjacent the outlet end of annular member 
83 so that each of the liquid components is divided into 
two approximately equal streams, with each of the two 

35 streams of one component entering a respective one of 
the two flow paths through the first static mixing vane 
71 , along with one of the two streams of the other liquid 
component. At each junction of two static mixing vanes 
in the static mixer 81 , each liquid flow from the upstream 

40 static mixing vane is divided into many small streams by 
the screen 96, thereby enhancing the mixing. Again, the 
mixing of the two liquid components is achieved without 
mechanical agitation and without the introduction of air 
into the liquid mixture. 

45 [0036] While the invention has been illustrated in 
terms of the preferred use of a static mixer-dispenser, 
any suitable static mixer or dynamic mixer can be em- 
ployed, e.g., a dashpot mixer, etc. The dashpot mixer 
offers an advantage to the surgeon who prefers that the 

50 monomer in the bone cement mixture undergo at least 
some degree of polymerization prior to the introduction 
of the bone cement into the bone site, in that the surgeon 
can determine the period of time between the introduc- 
tion of the two components into the mixer and the ejec- 

55 tion of the partially polymerized mixture from the mixer 
into the bone site. This partial polymerization can also 
be achieved by dispensing the mixed components onto 
a sanitary surface such as a plastic bowl, and subse- 
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quently removing from the sanitary surface a desired 
amount of the bone cement mixture which has achieved 
the desired state of partial polymerization. 
[0037] Another way of achieving the desired partial 
polymerization prior to the injection of the bone cement 
into the bone site is the use of a "holding" cartridge 1 00, 
as illustrated in FIGS. 8-10. The "holding" cartridge 100 
comprises an annular side wall 1 01 forming a cylindrical 
compartment 102 and having an externally threaded 
section at the outlet end thereof, an end cap 103 pro- 
vided with matching internal threads so that the cap 103 
can be secured to the outlet end of the annular side wall 

1 02, and a piston 1 04 slidably positioned within the com- 
partment. The end cap 103 has an opening therein 
which is defined by a longitudinally extending annular 
wall 105 and which is temporarily sealed by a plug 106. 
The piston 1 04 has a longitudinally extending flange 1 07 
at its outer periphery extending away from the end cap 

103, with the exterior surface of the flange 107 being in 
sliding contact with the internal surface of the compart- 
ment 102, whereby the piston 104 is maintained coaxi- 
ally with the compartment 102. The piston 104 has a 
central opening therethrough, into which the outlet end 
of a static mixer 108 is releasably secured. 

[0038] When it is desired to prepare the bone cement, 
a dual compartment container containing two bone ce- 
ment components, such as the container 10 of FIG. 1, 
can be the source of the bone cement. As shown in FIG. 

9, the protector cap 24 has been removed from the con- 
tainer 10, and the container 10 has been inserted 
through the open end of the holding container 100 such 
that the centrally located annular wall 1 5 of the container 
10 entered and engaged with the inlet end of the static 
mixer 108. A dispensing device is utilized to press the 
pistons 43 and 47 towards the outlet end of container 

10, thereby passing the bone cement components from 
chamber 46 and 50 into and through the static mixer 
108. The mixture of bone cement components exiting 
the static mixer 108 enters the single holding chamber 
110, which is formed as the piston 104 is forced away 
from the end cap 103. When all, or at least the desired 
amount of the bone cement components have been 
transferred from the dual compartment container 10 
through the static mixer 108 into the holding chamber 

110, the dual compartment container 10 and the static 
mixer 108 are removed from the holding cartridge 100, 
and the opening in the piston 104 is sealed with a plug 

111 . When the desired degree of polymerization of the 
monomer in the bone cement mixture in holding cham- 
ber 110 has occurred, the plug 106 is removed, and a 
static mixer 112 can be positioned with its inlet end in 
engagement with the annular wall 105, as illustrated in 
FIG. 10. The static mixer 112 can be similar or even 
identical to the static mixer 61 of FIG. 4. A dispensing 
mechanism is then used to press the piston 104, with 
the plug 111 in place, towards the cap end 103, forcing 
the partially polymerized bone cement through static 
mixer 112 and into the bone site. This apparatus pro- 



vides the advantage that the physician is able to control 
the residence time of the bone cement in a holding ves- 
sel, without any significant exposure of the mixed bone 
cement components to air during the polymerization in 

5 the holding vessel. The second static mixer 112 can also 
provide greater uniformity of the injected bone cement. 
However, if the first mixer 108 provides the desired de- 
gree of mixing, the static mixer 112 can be replaced by 
an injection nozzle without mixing elements. Where the 

10 second static mixer 112 is employed, it can be shorter 
than would be necessary for the single static mixer of 
FIG. 4, thus reducing the resistance to flow of the par- 
tially polymerized bone cement therethrough. 
[0039] While each of the two illustrated dual chamber 

15 containers is formed of a rigid material, it is within the 
scope of the invention to employ a flexible container 
having two separate chambers for containing the two 
liquid components. The flexible container can be formed 
of opposing layers of polyethylene film joined together 

20 along the longitudinal edge margins as well as along a 
longitudinal central portion, thereby forming two sepa- 
rate chambers. Such a flexible container can be provid- 
ed with a rupturable wall separating the two chambers, 
so that upon rupturing the separating wall the two com- 

25 ponents can be mixed within the container. Similarly, a 
flexible container can be provided with a removable bar- 
rier between the two chambers, as in Magnusson et al, 
U.S. Patent 5,370,221, such that upon removal of the 
barrier the two components can be mixed within the con- 

30 tainer. Such a flexible container can be provided with an 
outlet end which can be connected to the inlet of a suit- 
able mixer, e.g., a static mixer-dispenser, a dynamic 
mixer, etc. At such outlet end of the container, the poly- 
ethylene films can be joined to a molded end wall struc- 

35 ture, while the end of the container remote from the 
molded end wall structure can be formed by sealing to- 
gether the opposing layers of the polyethylene film. The 
two liquid components could be simultaneously extrud- 
ed from the separate chambers of the flexible container 

40 by subjecting the flexible container to progressive com- 
pression, e.g., by rolling up the flexible container begin- 
ning with the end thereof remote from the outlet of the 
container. 

[0040] Suitable bone cement liquid monomers for use 
45 in the first and second liquid components are the free 
radical polymerizable methacrylic ester monomers 
which are liquid and which can be safely polymerized in 
a human body. The monomers having the generic for- 
mula CH 2 =C(CH 3 )COOR, wherein R is an alkyl radical 
50 having from 1 to 4 carbon atoms, are presently pre- 
ferred, such that the monomer contains a total of 5 to 8 
carbon atoms. Suitable examples include methyl meth- 
acrylate, ethyl methacrylate, isopropyl methacrylate, n- 
propyl methacrylate, isobutyl methacrylate, t-butyl 
55 methacrylate, and mixtures of any two or more thereof. 
In general, such methacrylic ester monomer(s) will be 
the sole monomeric ingredient of the bone cement; how- 
ever, it is possible to include a minor amount of another 
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suitable monomer such as styrene or an alkyt acrylate 
which will copolymerize readily with the methacrytic es- 
ter monomer. In such instances, the methacrylic ester 
monomer will generally constitute at least 75 weight per- 
cent, preferably at least 85 weight percent, and more 
preferably at least 95 weight percent of the total mono- 
mers. 

[0041] Suitable bone cement polymer powders in- 
clude any of the polymers of the above described 
homopolymers and copolymers of methacrylic ester 
monomers having 5 to 8 carbon atoms. While the bone 
cement polymer powder can be a polymer of a free rad- 
ical polymerizable monomer other than the specific liq- 
uid monomer being employed in the bone cement, it is 
presently preferred that the bone cement polymer pow- 
der be a polymer or copolymer of the same monomer or 
comonomers constituting the liquid monomeric ingredi- 
ents) of the bone cement. 

[0042] The first liquid component is formed by premix- 
ing a sufficient amount of a liquid methacrylic ester mon- 
omer with bone cement polymer powder and a polym- 
erization initiator, preferably soluble in the monomer, to 
result in a liquid mixture. A stabilizer, preferably soluble 
in the monomer, is included in the first liquid component 
to prevent spontaneous polymerization of the monomer 
contained in the first liquid component. The polymeriza- 
tion initiator can be any suitable hydroperoxide, organic 
peroxide, or azo compound. Presently preferred initia- 
tors are the diacyl peroxides such as dibenzoyl perox- 
ide, di-p-chlorobenzoyl peroxide, dilauroyl peroxide, 
dibenzoyl peroxide, etc., and combinations of any two 
or more thereof, with dibenzoyl peroxide being the most 
preferred initiator. Any suitable stabilizer can be em- 
ployed, e.g., hydroquinone, t-butyl-p-cresol, a combina- 
tion of hydroquinone and ascorbic acid, hydroxymeth- 
oxybenzophenone, etc., and mixtures of any two or 
more thereof. 

[0043] The second liquid component is formed by 
premixing a sufficient amount of a liquid methacrylic es- 
ter monomer with bone cement polymer powder, if any, 
and an activator to result in a liquid mixture. A stabilizer, 
preferably soluble in the monomer, is included in the 
second liquid component to prevent spontaneous po- 
lymerization of the monomer contained in the second 
liquid component. While the specific liquid monomer 
employed in the second liquid component can be differ- 
ent from the specific liquid monomer employed in the 
first liquid component, it is preferred that they be the 
same. Similarly, while the specific polymer powder for 
the second liquid component can be different from the 
specific polymer powder of the first liquid component, it 
is preferred that they be the same. Any suitable activator 
can be employed, e.g., liquid N,N-dimethyl-p-toluidine 
(DMPT). However, it is presently preferred that the 
D MPT be replaced by a more biocompatible activator, 
for example, 4-N,N-(dimethylamino)phenethanol 
(DMAPE). Any suitable stabilizer can be employed, e. 
g., hydroquinone, t-butyl-p-cresol, a combination of hy- 



droquinone and ascorbic acid, hydroxymethoxybenzo- 
phenone, etc., and mixtures of any two or more thereof. 
[0044] The monomer/polymer ratio of each of the first 
and second liquid components can range upwardly from 

5 the minimum required for the respective component to 
be a liquid mixture to the maximum at which the desired 
final monomer/ratio can be achieved when the two liquid 
components are mixed together to form the unset bone 
cement. The amount of each of the first and second liq- 

10 uid components will be the amount necessary, with the 
given monomer/polymer ratio of each liquid component, 
to provide the desired amount of unset bone cement 
having the desired final monomer/polymer ratio, e.g., 
about 0.5 milliliter of monomer per gram of polymer pow- 

15 der. 

[0045] The amount and type of activator and initiator 
should be selected to adjust the set-time of the resulting 
bone cement to be within the range of approximately 8 
to approximately 1 0 minutes, when the two liquid com- 

20 ponents are mixed under air free conditions, as this 
would correspond to the normal set-time of many pres- 
ently employed bone cements, thus avoiding any re- 
quirement for the operating room personnel to be ac- 
customed to a different set-time. The poly(alkyl meth- 

25 acrylate) powder should be manufactured under high 
pressure to provide high molecular weight polymer hav- 
ing improved fracture toughness and fatigue character- 
istics. One of the liquid components can include a dye 
that would provide a visual indicator of the complete- 

30 ness of mixing. The resulting colored bone cement 
would also be valuable in revision surgery to distinguish 
between bone and cement. A radiopacifier, e.g., barium 
sulfate or zirconium dioxide, can also be included in one 
or both of the liquid bone cement components. 

35 [0046] The total amount of monomer required in such 
two liquid components is probably less than required in 
conventional bone cement. Thus, the heat generated by 
the resulting exothermic polymerization during the set- 
ting of the resulting bone cement would be less. In the 

40 absence of oxygen to react with the benzoyl free radical, 
larger amounts of benzoyl free radicals are available to 
initiate polymerization of the monomer. Thus, because 
of the absence of oxygen, the amount of initiator re- 
quired would be less than that of conventional bone ce- 

45 ment. 

EXAMPLE I 

[0047] The delivery system of FIGS. 1-5 having two 
50 cylindrical chambers of equal diameter in a side-by-side 
configuration is utilized to package two liquid compo- 
nents, each having an equal volume and each compris- 
ing 20 grams of poly(methyl methacrylate) powder and 
10 ml of methyl methacrylate monomer at a monomer/ 
55 polymer ratio of 0.5 ml/gm. The first component also 
contains dibenzoyl peroxide as the polymerization initi- 
ator, and hydroquinone as the monomer stabilizer. The 
second liquid component also contains N,N-dimethyl-p- 
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toluidine as the activator and hydroquinone as the mon- 
omer stabilizer. Upon mixing of the two liquid compo- 
nents and the extrusion of the mixture through the outlet 
nozzle section 66, the mixture would contain 40 grams 
of po!y(methyl methacrylate) dispersed in 20 ml of me- 
thyl methacrylate monomer and would have an overall 
monomer/polymer ratio of 0.5 ml/gm. 

EXAMPLE I! 

[0048] The delivery system of FIGS. 6-7 having two 
concentric chambers of different volumes is utilized to 
package two liquid components, the first liquid compo- 
nent being in the larger chamber 79 and comprising 80 
grams of polymer and 30 m! of monomer, and the sec- 
ond liquid component being in the smaller chamber 87 
and comprising 10 ml of monomer. The first liquid com- 
ponent also contains dibenzoyl peroxide as the polym- 
erization initiator, and hydroquinone as the monomer 
stabilizer. The second liquid component also contains 
4-N,N-(dimethylamino)phenethanol) as the activator 
and hydroquinone as the monomer stabilizer. Upon mix- 
ing and extrusion through the outlet nozzle section 66, 
the mixture would contain 80 grams of poly(methyl 
methacrylate) dispersed in 40 ml of methyl methacrylate 
monomer and would have an overall monomer/polymer 
ratio of 40 ml/80 gm, or 0.5 ml/gm. 
[0049] Reasonable variations and modifications to 
the invention are possible within the scope of the fore- 
going disclosure and the appended claims to the inven- 
tion. 



Claims 

1. A bone cement preparation system comprising a 
container having a first end and a second end, said 
container having a first chamber and a second 
chamber located between said first and second 
ends, each of said first and second chambers hav- 
ing an outlet in said second end of said container, 
said container being free of internal communication 
between said first chamber and said second cham- 
ber; 

said first chamber containing a first liquid com- 
ponent comprising a liquid alkyl methacrylate, 
poly(alkyl methacrylate) that was in powder 
form prior to inclusion in the first liquid compo- 
nent, a polymerization initiator, and a stabilizer 
for preventing spontaneous polymerization of 
the liquid alkyl methacrylate in said first liquid 
component, the liquid alkyl methacrylate being 
present in said first liquid component in an 
amount which is at least sufficient to provide the 
first liquid component as a liquid mixture, said 
first chamber being free of air; 
said second chamber containing a second liq- 



uid component comprising a liquid alkyl meth- 
acrylate, an activator, and a stabilizer for pre- 
venting spontaneous polymerization of the liq- 
uid alkyl methacrylate in said second liquid 
5 component, the liquid alkyl methacrylate being 

present in said second liquid component in an 
amount which is at least sufficient to provide the 
second liquid component as a liquid mixture, 
said second chamber being free of air. 

10 

2. A bone cement preparation system in accordance 
with claim 1, wherein said second liquid component 
further comprises polyfalkyl methacrylate). 

15 3. A bone cement preparation system in accordance 
with claim 1, wherein said first liquid component 
comprises said polymerization initiator, said liquid 
methyl methacrylate, said stabilizer for preventing 
spontaneous polymerization of the liquid alkyl 

20 methacrylate in said first liquid component, and poly 
(methyl methacrylate) which was in powder form 
prior to inclusion in said first liquid component; 
wherein said second liquid component comprises 
liquid methyl methacrylate, said activator, said sta- 

25 bilizer for preventing spontaneous polymerization 
of the liquid alkyl methacrylate in said second liquid 
component, and poly(methyl methacrylate) which 
was in powder form prior to inclusion in said second 
liquid component; and wherein the monomer/poly- 

30 mer ratio of each of the first and second liquid com- 
ponents is in the range of a minimum required to 
provide a liquid mixture up to a maximum which, 
when the first and second liquid components are 
mixed together, will result in the desired monomer/ 

35 polymer ratio for the resulting mixture. 

4. A bone cement preparation system in accordance 
with claim 3, further comprising a mixer-dispenser 
which is adapted to be connected to the outlet of 

40 said first chamber in said second end of said con- 
tainer and to the outlet of said second chamber in 
said second end of said container, said mixer-dis- 
penser comprising a static mixer, whereby the pas- 
sage of said first and second liquid components 

45 from said container into and through said static mix- 
er mixes said first and second liquid components 
together without introduction of air into the resulting 
mixture. 

50 5. A bone cement preparation system in accordance 
with claim 4, further comprising a thin, air imperme- 
able layer extending across the outlet of said first 
chamber in said second end of said container and 
across the outlet of said second chamber in said 

55 second end of said container to provide a seal for 
said first and second chambers, said layer being 
rupturable to permit the passage of said first and 
second liquid components therethrough into said 
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mixer-dispenser. 

6. A bone cement preparation system in accordance 
with claim 1 , further comprising a mixer-dispenser 
which is adapted to be connected to the outlet of 5 
said first chamber in said second end of said con- 
tainer and to the outlet of said second chamber in 
said second end of said container, said mixer-dis- 
penser comprising a static mixer, whereby the pas- 
sage of said first and second liquid components 10 
from said container into and through said static mix- 
er mixes said first and second liquid components 
together without introduction of air into the resulting 
mixture. 

15 

7. A bone cement preparation system in accordance 
with claim 6, further comprising a thin, air imperme- 
able layer extending across the outlet of said first 
chamber in said second end of said container and 
across the outlet of said second chamber in said 20 
second end of said container to provide a seal for 
said first and second chambers, said layer being 
rupturable to permit the passage of said first and 
second liquid components therethrough into said 
mixer-dispenser. 25 

8. A bone cement preparation system comprising a 
container having a first end and a second end, said 
container having a first compartment and a second 
compartment located between said first and second 30 
ends, each of said first and second compartments 
having a longitudinal axis, each of said first and sec- 
ond compartments having an outlet in said second 
end of said container, said container being free of 
internal communication between said first compart- 35 
ment and said second compartment; 

a first piston positioned in said first compart- 
ment to form a first chamber between said first 
piston and the outlet of said first compartment; 40 
a second piston positioned in said second com- 
partment to form a second chamber between 
said second piston and the outlet of said sec- 
ond compartment; 

said first chamber containing a first liquid com- <5 
ponent comprising a liquid alkyl methacrylate, 
a polymerization initiator, a stabilizer for pre- 
venting spontaneous polymerization of the liq- 
uid alkyl methacrylate in said first liquid compo- 
nent, and poly(alkyl methacrylate) which was in 50 
powder form prior to inclusion in said first liquid 
component, the liquid alkyl methacrylate being 
present in said first liquid component in an 
amount which is at least sufficient to provide the 
first liquid component as a liquid mixture, said 55 
first chamber being substantially free of air; 
said second chamber containing a second liq- 
uid component comprising a liquid alkyl meth- 
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acrylate, an activator, and a stabilizer for pre- 
venting spontaneous polymerization of the liq- 
uid alkyl methacrylate in said second liquid 
component, the liquid alkyl methacrylate being 
present in said second liquid component in an 
amount which is at least sufficient to provide the 
second liquid component as a liquid mixture, 
said second chamber being free of air. 

9. A bone cement preparation system in accordance 
with claim 8, wherein said second liquid component 
further comprises poly(alkyl methacrylate) which 
was in powder form prior to inclusion therein. 

10. A bone cement preparation system in accordance 
with claim 8, wherein said first liquid component 
comprises liquid methyl methacrylate, said polym- 
erization initiator, said stabilizer for preventing 
spontaneous polymerization of the liquid alkyl 
methacrylate in said first liquid component, and poly 
(methyl methacrylate) which was in powder form 
prior to inclusion in said first liquid component; and 
wherein said second liquid component comprises 
liquid methyl methacrylate, said activator, said sta- 
bilizer for preventing spontaneous polymerization 
of the liquid alkyl methacrylate in said second liquid 
component, and poly(methyl methacrylate) which 
was in powder form prior to incorporation into said 
second liquid component. 

11. A bone cement preparation system in accordance 
with claim 10, further comprising a mixer-dispenser 
which is adapted to be connected to the outlet of 
said first chamber in said second end of said con- 
tainer and to the outlet of said second chamber in 
said second end of said container, said mixer-dis- 
penser comprising a static mixer and an outlet noz- 
zle, whereby the passage of said first and second 
liquid components from said container into and 
through said static mixer to said outlet nozzle mixes 
said first and second liquid components together 
without introduction of air into the resulting mixture. 

12. A bone cement preparation system in accordance 
with claim 11, further comprising a first thin, air im- 
permeable layer extending across the outlet of said 
first chamber in said second end of said container 
and across the outlet of said second chamber in 
said second end of said container to provide a seal 
for said first and second chambers, said layer being 
rupturable to permit the passage of said first and 
second liquid components therethrough into said 
mixer-dispenser. 

13. A bone cement preparation system in accordance 
with claim 12, further comprising a second thin, air 
impermeable layer extending across a portion of 
said first compartment remote from said second 
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end of said container to provide a hermetic seal for 
said first compartment without relying upon any 
sealing capability of said first piston, and a third thin, 
air impermeable layer extending across a portion of 
said second compartment remote from said second 
end of said container to provide a hermetic seal for 
said second compartment without relying upon any 
sealing capability of said second piston. 

14. A bone cement preparation system in accordance 
with claim 13, wherein said second thin, air imper- 
meable layer separates said first piston from said 
first chamber, and wherein said third thin, air imper- 
meable layer separates said second piston from 
said second chamber. 

15. A bone cement preparation system in accordance 
with claim 13, wherein said second thin, air imper- 
meable layer is bonded to said container so as to 
seal said first piston inside of said first compart- 
ment, and wherein said third thin, air impermeable 
layer is bonded to said container so as to seal said 
second piston inside of said second compartment. 

16. A bone cement preparation system in accordance 
with claim 8, further comprising a mixer-dispenser 
which is adapted to be connected to the outlet of 
said first chamber in said second end of said con- 
tainer and to the outlet of said second chamber in 
said second end of said container, said mixer-dis- 
penser comprising a static mixer, whereby the pas- 
sage of said first and second liquid components 
from said container into and through said static mix- 
er mixes said first and second liquid components 
together without introduction of air into the resulting 
mixture. 

17. A bone cement preparation system in accordance 
with claim 8, further comprising a first thin, air im- 
permeable layer extending across the outlet of said 
first chamber in said second end of said container 
and across the outlet of said second chamber in 
said second end of said container to provide a seal 
for said first and second chambers, said layer being 
rupturable to permit the passage of said first and 
second liquid components therethrough into said 
mixer-dispenser. 

18. A bone cement preparation system in accordance 
with claim 17, further comprising a second thin, air 
impermeable layer extending across a portion of 
said first compartment remote from said second 
end of said container to provide a hermetic seal for 
said first compartment without relying upon any 
sealing capability of said first piston, and a third thin, 
air impermeable layer extending across a portion of 
said second compartment remote from said second 
end of said container to provide a hermetic seal for 



said second compartment without relying upon any 
sealing capability of said second piston. 

19. A bone cement preparation system in accordance 
5 with claim 18, wherein said second thin, air imper- 
meable layer separates said first piston from said 
first chamber, and wherein said third thin, air imper- 
meable layer separates said second piston from 
said second chamber. 

10 

20. A bone cement preparation system in accordance 
with claim 18, wherein said second thin, air imper- 
meable layer is bonded to said container so as to 
seal said first piston inside of said first compart- 

15 ment, and wherein said third thin, air impermeable 
layer is bonded to said container so as to seal said 
second piston inside of said second compartment. 



20 Patentanspruche 

1. System zur Herstellung von Knochenzement, mit 
einem Behalter mit einem ersten Ende und einem 
zweiten Ende, wobei der Behalter eine erste Kam- 

25 mer und eine zweite Kammer hat, die zwischen dem 
ersten und dem zweiten Ende angeordnet sind, 
wobei jede der ersten und zweiten Kammer einen 
Ausgang in das zweite Ende des Behalters auf- 
weist, wobei der Behalter keine innere Verbindung 

30 zwischen der ersten Kammer und der zweiten Kam- 
mer hat; 

wobei die erste Kammer eine erste flussige 
Komponente enthalt, die ein flussiges Alkylme- 

35 thacrylat, ein Poly(alkylmethacryiat), das vor 

dem Einschluss in die erste flussige Kompo- 
nente in Pulverform vorlag, einen Poiymerisa- 
tionsinitiator und einen Stabilisator zur Verhin- 
derung von spontaner Polymerisation des fliis- 

40 sigen Alkylmethacrylats in der ersten flussigen 

Komponente enthalt, wobei das flussige Al- 
kylmethacrylat in der ersten flussigen Kompo- 
nente in einer Menge vorhanden ist, die zumin- 
dest ausreicht, urn die erste flussige Kompo- 

45 nente als flussige Mischung zur Verfugung zu 

stellen, wobei die erste Kammer luftfrei ist; 
wobei die zweite Kammer eine zweite flussige 
Komponente enthalt, die ein flussiges Alkylme- 
thacrylat, einen Aktivator und einen Stabilisator 

50 zur Verhinderung von spontaner Polymerisati- 

on des flussigen Alkylmethacrylats in der zwei- 
ten flussigen Komponente enthalt, wobei das 
flussige Alkylmethacrylat in der zweiten flussi- 
gen Komponente in einer Menge vorhanden ist, 

55 die zumindest ausreicht, urn die zweite flussige 

Komponente als flussige Mischung zur Verfu- 
gung zu stellen, wobei die zweite Kammer luft- 
frei ist. 



12 



23 



EP 0 747 114 B1 



24 



2. System zur Herstellung von Knochenzement nach 
Anspaich 1 , bei dem die zweite flussige Komponen- 
te ferner Poly(alkylmethacry!at) enthalt. 

3. System zur Herstellung von Knochenzement nach 5 
Anspruch 1 , bei dem die erste flussige Komponente 
den Polymerisationsinitiator, das flussige Methyl- 
methacrylat, den Stabilisatorzur Verhinderung von 
spontaner Polymerisation des flussigen Alkylme- 
thacrylats in der ersten flussigen Komponente und io 
Poly(methylmethacrylat), das vor dem Einschluss 7. 
in die erste flussige Komponente in Pulverform vor- 

lag, enthalt, wobei die zweite flussige Komponente 
flussiges Methylmethacrylat, den Aktivator, den 
Stabilisator zur Verhinderung von spontaner Poly- *5 
merisation des flussigen Alkylmethacrylats in der 
zweiten flussigen Komponente und Poly(methylme- 
thacrylat), das vor dem Einschluss in die zweite 
flussige Komponente in Pulverform vorlag, enthalt, 
und wobei das Monomer/Polymer-Verhaltnis so- 20 
wohl der ersten als auch der zweiten flussigen Kom- 
ponente im Bereich von einem Mindestwert, der 8. 
notwendig ist, urn eine flussige Mischung zu liefern, 
bis zu einem Hochstwert liegt, der, wenn die erste 
und die zweite flussige Komponente miteinander 25 
vermischt werden, zu dem gewunschten Monomer/ 
Polymer-Verhaltnis fur die resultierende Mischung 
fuhrt. 

4. System zur Herstellung von Knochenzement nach 30 
Anspruch 3, das ferner einen Mischspender auf- 
weist, der dazu ausgestaltet ist, urn mit dem Aus- 
gang der ersten Kammer in dem zweiten Ende des 
Behalters und mit dem Ausgang der zweiten Kam- 
mer in dem zweiten Ende des Behalters verbunden 35 
zu werden, wobei der Mischspender einen stati- 
schen Mischer aufweist, wobei durch das Leiten der 
ersten und zweiten flussigen Komponente aus dem 
Behalter in und durch den statischen Mischer die 
erste und die zweite flussige Komponente mitein- 40 
ander vermischt werden, ohne dass Luft in die re- 
sultierende Mischung eingebracht wird. 

5. System zur Herstellung von Knochenzement nach 
Anspruch 4, das ferner eine dunne, luftundurchlas- 4 $ 
sige Schicht aufweist, die sich uber den Ausgang 
der ersten Kammer in dem zweiten Ende des Be- 
halters und uber den Ausgang der zweiten Kammer 

in dem zweiten Ende des Behalters erstreckt, urn 
eine Versiegelung fur die erste und zweite Kammer so 
zu bilden, wobei die Schicht reifibar ist, urn das Hin- 
durchleiten der ersten und zweiten flussigen Kom- 
ponente in den Mischspender zu ermoglichen. 

6. System zur Herstellung von Knochenzement nach 55 
Anspruch 1, das ferner einen Mischspender auf- 
weist, das dazu ausgestaltet ist, urn mit dem Aus- 
gang der ersten Kammer in dem zweiten Ende des 



Behalters und mit dem Ausgang der zweiten Kam- 
mer in dem zweiten Ende des Behalters verbunden 
zu werden, wobei der Mischspender einen stati- 
schen Mischer aufweist, wobei durch das Leiten der 
ersten und zweiten flussigen Komponente aus dem 
Behalter in und durch den statischen Mischer die 
erste und die zweite flussige Komponente mitein- 
ander vermischt werden, ohne dass Luft in die re- 
sultierende Mischung eingebracht wird. 

System zur Herstellung von Knochenzement nach 
Anspruch 6, das ferner eine dunne, luftundurchlas- 
sige Schicht aufweist, die sich uber den Ausgang 
der ersten Kammer in dem ersten Ende des Behal- 
ters und uber den Ausgang der zweiten Kammer in 
dem zweiten Ende des Behalters erstreckt, urn eine 
Versiegelung fur die erste und zweite Kammer zu 
bilden, wobei die Schicht reiftbar ist, urn das Hin- 
durchleiten der ersten und zweiten flussigen Kom- 
ponente in den Mischspender zu ermoglichen. 

System zur Herstellung von Knochenzement, mit 
einem Behalter mit einem ersten Ende und einem 
zweiten Ende, wobei der Behalter einen ersten Zwi- 
schenraum und einen zweiten Zwischenraum zwi- 
schen dem ersten und zweiten Ende hat, wobei je- 
der von dem ersten und zweiten Zwischenraum ei- 
ne Langsachse aufweist, jeder von dem ersten und 
zweiten Zwischenraum einen Ausgang in das zwei- 
te Ende des Behalters hat, 
wobei der Behalter keine innere Verbindung zwi- 
schen dem ersten Zwischenraum und dem zweiten 
Zwischenraum hat; 

einem ersten Kolben, der in dem ersten Zwi- 
schenraum positioniert ist, um eine erste Kam- 
mer zwischen dem ersten Kolben und dem 
Ausgang des ersten Zwischenraums zu bilden; 
einem zweiten Kolben, der in dem zweiten Zwi- 
schenraum positioniert ist, um eine zweite 
Kammer zwischen dem zweiten Kolben und 
dem Ausgang des zweiten Zwischenraums zu 
bilden; 

wobei die erste Kammer eine erste flussige 
Komponente enthalt, die ein flussiges Alkylme- 
thacrylat, einen Polymerisationsinitiator, einen Sta- 
bilisator zur Verhinderung von spontaner Polymeri- 
sation des flussigen Alkylmethacrylats in der ersten 
flussigen Komponente und Poly(alkytmethacrylat), 
das vor dem Einschluss in die erste flussige Kom- 
ponente in Pulverform vorlag, enthalt, wobei das 
flussige Alkylmethacrylat in der ersten flussigen 
Komponente in einer Menge vorhanden ist, die zu- 
mindest ausreicht, um die erste flussige Kompo- 
nente als flussige Mischung zur Verfugung zu stel- 
len, wobei die erste Kammer im Wesentlichen luft- 
frei ist; 
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wobei die zweite Kammer eine zweite flussige 
Komponente enthalt, die ein flussiges Alkytme- 
thacrylat, einen Aktivator und einen Stabilisator zur 
Verhinderung von spontaner Polymerisation des 
flussigen Alkylmethacrylats in derzweiten flussigen 
Komponente enthalt, wobei das flussige Alkyime- 
thacrylat in derzweiten flussigen Komponente in ei- 
ner Menge vorhanden ist, die zumindest ausreicht, 
urn die zweite flussige Komponente als flussige Mi- 
schung zur Verfugung zu stellen, wobei die zweite 
Kammer luftfrei ist. 

9. System zur Herstellung von Knochenzement nach 
Anspruch 8, bei dem die zweite flussige Komponen- 
te ferner Poly(alkylmethacrylat) enthalt, das vor 
dem Einschluss in diese in Pulverform vorlag. 

10. System zur Herstellung von Knochenzement nach 
Anspruch 8, bei dem die erste flussige Komponente 
flussiges Methylmethacrylat, den Polymerisations- 
initiator, den Stabilisator zur Verhinderung von 
spontaner Polymerisation des flussigen Alkylme- 
thacrylats in der ersten flussigen Komponente und 
Poly(methylmethacrylat), das vor dem Einschluss 
in die erste flussige Komponente in Pulverform vor- 
lag, enthalt, und wobei die zweite flussige Kompo- 
nente flussiges Methylmethacrylat, den Aktivator, 
den Stabilisator zur Verhinderung von spontaner 
Polymerisation des flussigen Alkylmethacrylats in 
der zweiten flussigen Komponente und Poly(me- 
thylmethacrylat), das vor dem Einschluss in die 
zweite flussige Komponente in Pulverform vorlag, 
enthalt. 

11. System zur Herstellung von Knochenzement nach 
Anspruch 10, das ferner einen Mischspender auf- 
weist, der dazu ausgestaltet ist, urn mit dem Aus- 
gang der ersten Kammer in dem zweiten Ende des 
Behalters und dem Ausgang der zweiten Kammer 
in dem zweiten Ende des Behalters verbunden zu 
werden, wobei der Mischspender einen statischen 
Mischer und eine Ausgangsduse hat, wobei durch 
das Leiten der ersten und zweiten flussigen Kom- 
ponente aus dem Behalter in und durch den stati- 
schen Mischer zu der Ausgangsduse die erste und 
die zweite flussige Komponente miteinander ver- 
mischt werden, ohne dass Luft in die resultierende 
Mischung eingebracht wird. 

12. System zur Herstellung von Knochenzement nach 
Anspruch 11, das ferner eine erste dunne, luftun- 
durchlassige Schicht aufweist, die sich uber den 
Ausgang der ersten Kammer in dem zweiten Ende 
des Behalters und uber den Ausgang der zweiten 
Kammer in dem zweiten Ende des Behalters er- 
streckt, urn eine Versiegetung fur die erste und 
zweite Kammer zu bilden, 

wobei die Schicht reiftbar ist, urn das Hindurchleiten 



der ersten und zweiten flussigen Komponente in 
den Mischspender zu ermoglichen. 

13. System zur Herstellung von Knochenzement nach 
5 Anspruch 12, das ferner eine zweite dunne, luftun- 
durchlassige Schicht aufweist, die sich uber einen 
Teil des ersten Zwischenraums entfernt von dem 
zweiten Ende des Behalters erstreckt, urn eine her- 
metische Versiegelung fur den ersten Zwischen- 
10 raum zu bilden, ohne sich auf irgendeine Siegelfa- 
higkeit des ersten Kolbens zu verlassen, und eine 
dritte dunne, luftundurchlassige Schicht, die sich 
uber einen Teil des zweiten Zwischenraums ent- 
fernt von dem zweiten Ende des Behalters er- 
15 streckt, urn eine hermetische Versiegelung fur den 
zweiten Zwischenraum zu bilden, ohne sich auf ir- 
gendeine Siegelfahigkeit des zweiten Kolbens zu 
verlassen. 

20 14. System zur Herstellung von Knochenzement nach 
Anspruch 13, bei dem die zweite dunne, luftun- 
durchlassige Schicht den ersten Kolben von der er- 
sten Kammer trennt und wobei die dritte dunne, luft- 
undurchlassige Schicht den zweiten Kolben von der 

25 zweiten Kammer trennt. 

15. System zur Herstellung von Knochenzement nach 
Anspruch 13, bei dem die zweite dunne, luftun- 
durchlassige Schicht so mit dem Behalter verbun- 
den ist, dass der erste Kolben in dem ersten Zwi- 
schenraum versiegelt wird, und wobei die dritte 
dunne, luftundurchlassige Schicht so mit dem Be- 
halter verbunden ist, dass der zweite Kolben in dem 
zweiten Zwischenraum versiegelt wird. 

16. System zur Herstellung von Knochenzement nach 
Anspruch 8, das ferner einen Mischspender auf- 
weist, der dazu ausgestaltet ist, urn mit dem Aus- 
gang der ersten Kammer in dem zweiten Ende des 
Behalters und dem Ausgang der zweiten Kammer 
in dem zweiten Ende des Behalters verbunden zu 
werden, wobei der Mischspender einen statischen 
Mischer aufweist, wobei durch das Leiten der er- 
sten und zweiten flussigen Komponente aus dem 
Behalter in und durch den statischen Mischer die 
erste und die zweite flussige Komponente mitein- 
ander vermischt werden, ohne dass Luft in die re- 
sultierende Mischung eingebracht wird. 

17. System zur Herstellung von Knochenzement nach 
Anspruch 8, das ferner eine erste dunne, luftun- 
durchlassige Schicht aufweist, die sich uber den 
Ausgang der ersten Kammer in dem zweiten Ende 
des Behalters und uber den Ausgang der zweiten 
Kammer in dem zweiten Ende des Behalters ver- 
bunden erstreckt, urn eine Versiegetung fur die er- 
ste und zweite Kammer zu bilden, wobei die Schicht 
reifibar ist, urn das Hindurchleiten der ersten und 
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zweiten flussigen Komponente in den Mischspen- 
der zu ermoglichen. 

18. System zur Herstellung von Knochenzement nach 
Anspruch 17, das femer eine zweite dunne, luftun- 
durchlassige Schicht aufweist, die sich uber einen 
Teil des ersten Zwischenraums entfernt von dem 
zweiten Ende des Behalters erstreckt, urn eine her- 
metische Versiegelung fur den ersten Zwischen- 
raum zu bilden, ohne sich auf irgendeine Siegelfa- 
higkeit des ersten Kolbens zu vertassen, und eine 
dritte dunne, luftundurchlassige Schicht, die sich 
uber einen Teil des zweiten Zwischenraums ent- 
fernt von dem zweiten Ende des Behalters er- 
streckt, urn eine hermetische Versiegelung fur den 
zweiten Zwischenraum zu bilden, ohne sich auf ir- 
gendeine Siegelfahigkeit des zweiten Kolbens zu 
verlassen. 

19. System zur Herstellung von Knochenzement nach 
Anspruch 18, bei dem die zweite dunne, luftun- 
durchlassige Schicht den ersten Kolben von der er- 
sten Kammer trennt und wobei die dritte dunne, luft- 
undurchlassige Schicht den zweiten Kolben von der 
zweiten Kammer trennt. 

20. System zur Herstellung von Knochenzement nach 
Anspruch 18, bei dem die zweite dunne, luftun- 
durchlassige Schicht so mit dem Behalter verbun- 
den ist, dass der erste Kolben in dem ersten Zwi- 
schenraum versiegelt wird, und wobei die dritte 
dunne, luftundurchlassige Schicht so mit dem Be- 
halter verbunden ist, dass der zweite Kolben in dem 
zweiten Zwischenraum versiegelt wird. 



Revendications 

1 . Systeme de preparation de ciment pour os compre- 
nant un recipient ayant une premiere extremite et 
une seconde extremite, ledit recipient comportant 
une premiere chambre et une seconde chambre si- 
tuees entre lesdites premiere et seconde extremi- 
tes, chacune desdites premiere et seconde cham- 
bres comportant une sortie dans ladite seconde ex- 
tremite dudit recipient, ledit recipient etant exempt 
de communication interne entre ladite premiere 
chambre et ladite seconde chambre ; 

ladite premiere chambre contenant un premier 
composant liquide comprenant un methacryla- 
te d'alcoyle liquide, un poly(methacrylate d'al- 
coyle), qui etait sous forme de poudre avant in- 
clusion dans le premier composant liquide, un 
initiateur de polymerisation et un stabilisateur 
pour empecher la polymerisation spontanee du 
methacrylate d'alcoyle liquide dans ledit pre- 
mier composant liquide, le methacrylate d'al- 



coyle liquide etant present dans ledit premier 
composant liquide dans une quantite au moins 
suffisante pour fournir le premier composant li- 
quide sous la forme d'un melange liquide, ladite 

5 premiere chambre etant exempte d'air ; 

ladite seconde chambre contenant un second 
composant liquide comprenant un methacryla- 
te d'alcoyle liquide, un activateur et un stabili- 
sateur pour empecher la polymerisation spon- 

w tanee du methacrylate d'alcoyle liquide dans le- 

dit second composant liquide, le methacrylate 
d'alcoyle liquide etant present dans ledit se- 
cond composant liquide dans une quantite au 
moins suffisante pour fournir le second compo- 

15 sant liquide sous la forme d'un melange liquide, 

ladite seconde chambre etant exempte d'air. 

2. Systeme de preparation de ciment pour os selon la 
revendication 1, dans lequel ledit second compo- 

20 sant liquide comprend en outre du poly(methacryla- 
te d'alcoyle). 

3. Systeme de preparation de ciment pour os selon la 
revendication 1 , dans lequel ledit premier compo- 

25 sant liquide comprend ledit initiateur de polymerisa- 
tion, ledit methacrylate d'alcoyle liquide, ledit stabi- 
lisateur pour empecher la polymerisation sponta- 
nee du methacrylate d'alcoyle liquide dans ledit pre- 
mier composant liquide et du poly(methacrylate de 

30 methyle) qui etait sous forme de poudre avant in- 
clusion dans ledit premier composant liquide ; dans 
lequel ledit second composant liquide comprend du 
methacrylate de methyle liquide, ledit activateur, le- 
dit stabilisateur pour empecher la polymerisation 

35 spontanee du methacrylate d'alcoyle liquide dans 
ledit second composant liquide et du poly(metha- 
crylate de methyle) qui etait sous forme de poudre 
avant inclusion dans ledit second composant 
liquide ; et dans lequel le rapport monomere/poly- 

40 mere de chacun des premier et second composants 
liquides est de I'ordre du minimum requis pour four- 
nir un melange liquide jusqu'a un maximum qui, 
lorsque les premier et second composants liquides 
sont melanges ensemble, produit le rapport mono- 

45 mere/polymere desire pour le melange resultant. 

4. Systeme de preparation de ciment pour os selon la 
revendication 3, comprenant en outre un melan- 
geur-distributeur adapte pour etre relie a la sortie 

50 de ladite premiere chambre dans ladite seconde ex- 
tremite dudit recipient et a la sortie de ladite secon- 
de chambre dans ladite seconde extremite dudit re- 
cipient, ledit melangeur-distributeur comprenant un 
melangeur statique, de facon que le passage des- 

55 dits premier et second composants liquides depuis 
ledit recipient dans et a travers ledit melangeur sta- 
tique melange ensemble lesdits premier et second 
composants liquides sans introduction d'air dans le 
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melange resultant. 

Systeme de preparation de ciment pour os selon la 
revendlcation 4, comprenant en outre une couche 
mince impermeable a I'air s'etendant d'un bout a 5 
I'autre de la sortie de ladite premiere chambre dans 
ladite seconde extremite dudit recipient et d'un bout 
a I'autre de la sortie de ladite seconde chambre 
dans ladite seconde extremite dudit recipient pour 
constituer un joint pour lesdites premiere et secon- 10 
de chambres, ladite couche pouvant etre rompue 
pour permettre le passage desdits premier et se- 
cond composants liquides a travers celle-ci dans le- 
dit melangeur-distributeur. 

15 

Systeme de preparation de ciment pour os selon la 
revendication 1, comprenant en outre un melan- 
geur-distributeur adapte pour etre relie a la sortie 
de ladite premiere chambre dans ladite seconde ex- 
tremite dudit recipient et a la sortie de ladite secon- 20 
de chambre dans ladite seconde extremite dudit re- 
cipient, ledit melangeur-distributeur comprenant un 
melangeur statique, de facon que le passage des- 
dits premier et second composants liquides depuis 
ledit recipient dans et a travers ledit melangeur sta- 25 
tique melange ensemble lesdits premier et second 
composants liquides sans introduction d'airdans le 
melange resultant. 

Systeme de preparation de ciment pour os selon la so 
revendication 6, comprenant en outre une couche 
mince impermeable a I'air s'etendant d'un bout a 
I'autre de la sortie de ladite premiere chambre dans 
ladite seconde extremite dudit recipient et d'un bout 
a I'autre de la sortie de ladite seconde chambre 35 
dans ladite seconde extremite dudit recipient pour 
constituer un joint pour lesdites premiere et secon- 
de chambres, ladite couche pouvant etre rompue 
pour permettre le passage desdits premier et se- 
cond composants liquides a travers celle-ci dans le- 40 
dit melangeur-distributeur. 

Systeme de preparation de ciment pour os compre- 
nant un recipient ayant une premiere extremite et 
une seconde extremite, ledit recipient comportant 45 
un premier compartiment et un second comparti- 
ment situes entre lesdites premiere et seconde ex- 
tremites, chacun desdits premier et second com- 
partiments ayant un axe longitudinal, chacun des- 
dits premier et second compartiments comportant so 
une sortie dans ladite seconde extremite dudit reci- 
pient, ledit recipient etant exempt de communica- 
tion interne entre ledit premier compartiment et ledit 
second compartiment ; 

55 

un premier piston positionne dans ledit premier 
compartiment pour former une premiere cham- 
bre entre ledit premier piston et la sortie dudit 



premier compartiment ; 
un second piston positionne dans ledit second 
compartiment pour former une seconde cham- 
bre entre ledit second piston et la sortie dudit 
second compartiment ; 

ladite premiere chambre contenant un pre- 
mier composant liquide comprenant un methacryla- 
te d'alcoyle liquide, un initiateur de polymerisation, 
un stabilisateur pour empecher la polymerisation 
spontanee du methacrylate d'alcoyle liquide dans 
ledit premier composant liquide, et du po!y(metha- 
crylate d'alcoyle), qui etait sous forme de poudre 
avant inclusion dans ledit premier composant liqui- 
de, le methacrylate d'alcoyle liquide etant present 
dans ledit premier composant liquide dans une 
quantite au moins suffisante pourfournir le premier 
composant liquide sous la forme d'un melange li- 
quide, ladite premiere chambre etant exempte 
d'air ; 

ladite seconde chambre contenant un second 
composant liquide comprenant un methacrylate 
d'alcoyle liquide, un activateur et un stabilisateur 
pour empecher la polymerisation spontanee du me- 
thacrylate d'alcoyle liquide dans ledit second com- 
posant liquide, le methacrylate d'alcoyle liquide 
etant present dans ledit second composant liquide 
dans une quantite au moins suffisante pour fournir 
le second composant liquide sous la forme d'un me- 
lange liquide, ladite seconde chambre etant exemp- 
te d'air. 

9. Systeme de preparation de ciment pour os selon la 
revendication 8, dans lequel ledit second compo- 
sant liquide comprend en outre du poly(methacryla- 
te d'alcoyle) qui etait sous forme de poudre avant 
inclusion dans celui-ci. 

10. Systeme de preparation de ciment pour os selon la 
revendication 8, dans lequel ledit premier compo- 
sant liquide comprend du methacrylate de methyle 
liquide, ledit initiateur de polymerisation, ledit stabi- 
lisateur pour empecher la polymerisation sponta- 
nee du methacrylate d'alcoyle liquide dans ledit pre- 
mier composant liquide et du poly(methacrylate de 
methyle) qui etait sous forme de poudre avant in- 
clusion dans ledit premier composant liquide ; et 
dans lequel ledit second composant liquide com- 
prend du methacrylate de methyle liquide, ledit ac- 
tivateur, ledit stabilisateur pour empecher la poly- 
merisation spontanee du methacrylate d'alcoyle li- 
quide dans ledit second composant liquide et du po- 
ly(methacrylate de methyle) qui etait sous forme de 
poudre avant incorporation dans ledit second com- 
posant liquide. 

11. Systeme de preparation de ciment pour os selon la 
revendication 10, comprenant en outre un melan- 
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geur-distributeur adapte pour etre relie a la sortie 
de ladite premiere chambre dans ladite seconde ex- 
tremite dudit recipient et a la sortie de ladite secon- 
de chambre dans ladite seconde extremite dudit re- 
cipient, ledit melangeur-distributeur comprenant un 
melangeur statique et une buse de sortie, de facon 
que le passage desdits premier et second compo- 
sants liquides depuis ledit recipient dans et a tra- 
vers ledit melangeur statique vers ladite buse de 
sortie melange ensemble lesdits premier et second 
composants liquides sans introduction d'air dans le 
melange resultant. 

12. Systeme de preparation de ciment pour os selon la 
revendication 11 , comprenant en outre une premie- 
re couche mince impermeable a l'air s'etendant d'un 
bout a I'autre de la sortie de ladite premiere cham- 
bre dans ladite seconde extremite dudit recipient et 
d'un bout a I'autre de la sortie de ladite seconde 
chambre dans ladite seconde extremite dudit reci- 
pient pour constituer un joint pour lesdites premiere 
et seconde chambres, ladite couche pouvant etre 
rompue pour permettre le passage desdits premier 
et second composants liquides a travers celle-ci 
dans ledit melangeur-distributeur. 

13. Systeme de preparation de ciment pour os selon la 
revendication 12, comprenant en outre une secon- 
de couche mince impermeable a I'air s'etendant 
d'un bout a I'autre d'une partie dudit premier com- 
partiment eloignee de ladite seconde extremite du- 
dit recipient pour constituer un joint hermetique 
pour ledit premier compartment sans se baser sur 
une quelconque capacite d'etancheite dudit pre- 
mier piston et une troisieme couche mince imper- 
meable a I'air s'etendant d'un bout a I'autre d'une 
partie dudit second compartiment eloignee de ladite 
seconde extremite dudit recipient pour constituer 
un joint hermetique pour ledit second compartiment 
sans se baser sur une quelconque capacite d'etan- 
cheite dudit second piston. 

14. Systeme de preparation de ciment pour os selon la 
revendication 13, dans lequel ladite seconde cou- 
che mince impermeable a I'air separe ledit premier 
piston de ladite premiere chambre et dans lequel 
ladite troisieme couche mince impermeable a I'air 
separe ledit second piston de ladite seconde cham- 
bre. 

15. Systeme de preparation de ciment pour os selon la 
revendication 13, dans lequel ladite seconde cou- 
che mince impermeable a I'air est liee audit reci- 
pient de facon a termer hermetiquement ledit pre- 
mier piston a I'interieur dudit premier compartiment 
et dans lequel ladite troisieme couche mince imper- 
meable a I'air est liee audit recipient de facon a ter- 
mer hermetiquement ledit second piston a I'interieur 



dudit second compartiment. 

16. Systeme de preparation de ciment pour os selon la 
revendication 8, comprenant en outre un melan- 

5 geur-distributeur adapte pour etre relie a la sortie 
de ladite premiere chambre dans ladite seconde ex- 
tremite dudit recipient et a la sortie de ladite secon- 
de chambre dans ladite seconde extremite dudit re- 
cipient, ledit melangeur-distributeur comprenant un 

10 melangeur statique, de facon que le passage des- 
dits premier et second composants liquides depuis 
ledit recipient dans et a travers ledit melangeur sta- 
tique melange ensemble lesdits premier et second 
composants liquides sans introduction d'air dans le 

15 melange resultant. 

17. Systeme de preparation de ciment pour os selon la 
revendication 8, comprenant en outre une premiere 
couche mince impermeable a I'air s'etendant d'un 

20 bout a I'autre de la sortie de ladite premiere cham- 
bre dans ladite seconde extremite dudit recipient et 
d'un bout a I'autre de la sortie de ladite seconde 
chambre dans ladite seconde extremite dudit reci- 
pient pour constituer un joint pour lesdites premiere 

25 et seconde chambres, ladite couche pouvant etre 
rompue pour permettre le passage desdits premier 
et second composants liquides a travers celle-ci 
dans ledit melangeur-distributeur. 

30 18. Systeme de preparation de ciment pour os selon la 
revendication 17, comprenant en outre une secon- 
de couche mince impermeable a I'air s'etendant 
d'un bout a I'autre d'une partie dudit premier com- 
partiment eloignee de ladite seconde extremite du- 

35 dit recipient pour constituer un joint hermetique 
pour ledit premier compartiment sans se baser sur 
une quelconque capacite d'etancheite dudit pre- 
mier piston et une troisieme couche mince imper- 
meable a I'air s'etendant d'un bout a I'autre d'une 

40 partie dudit second compartiment eloignee de ladite 
seconde extremite dudit recipient pour constituer 
un joint hermetique pour ledit second compartiment 
sans se baser sur une quelconque capacite d'etan- 
cheite dudit second piston. 

45 

19. Systeme de preparation de ciment pour os selon la 
revendication 18, dans lequel ladite seconde cou- 
che mince impermeable a I'air separe ledit premier 
piston de ladite premiere chambre et dans lequel 

50 ladite troisieme couche mince impermeable a I'air 
separe ledit second piston de ladite seconde cham- 
bre. 

20. Systeme de preparation de ciment pour os selon la 
55 revendication 18, dans lequel ladite seconde cou- 
che mince impermeable a I'air est liee audit reci- 
pient de facon a termer hermetiquement ledit pre- 
mier piston a I'interieur dudit premier compartiment 
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et dans leque! ladite troisieme couche mince imper- 
meable a Pair est liee audit recipient de facon a ter- 
mer hermetiquement ledit second piston a I'interieur 
dudit second compartiment. 

5 
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